Selective mercuration at the 1,6-positions of 2-hydroxy derivative of Nile Red and its application towards Hg 2+ -selective signaling was investigated. The 2-hydroxy Nile Red exhibited a selective UV-vis absorption and fluorescent signaling behavior towards Hg 2+ ions over common coexisting physiologically important metal ions in aqueous environment.
Introduction
Selective detection of transition and heavy metal ions is very important in various fields of chemical and biological sciences, as well as in the protection of our environment. 1 Among many important transition metal ions, Hg 2+ ions attract much research interest due to its toxic environmental impact. 2 There are many sophisticated systems for the efficient and selective detection 3 and visualization of Hg 2+ ions. 4 However, a great deal of effort has been continuously devoted toward the construction of devices that are able to signal and visualize the presence of Hg 2+ in varying origins. 5 Recently, mercuration of important dyes has been used for the purpose of specific imaging and labeling of proteins. Mercuration of fluorescein and resorufin after subsequent transmetalation with AsCl 3 afforded biarsenical ligands, FlAsH and ReAsH, respectively, which are employed for affinity chromatography, fluorescence measurements, and localization of tetracysteine-tagged proteins. 6, 7 Similarly, mercuration of Nile Red has provided dimercurated derivative for the preparation of biarsenical compound for the imaging of conformational changes of proteins containing tetracysteine motif. 8 Nile Red and related benzophenoxazine derivatives have been utilized as fluorescent dyes for the labeling of biomolecules. 9 A series of water soluble Nile Red derivatives for the development of fluorescent probes for biotechnology have been prepared accordingly. 10 Chemiluminescent energy-transfer cassettes based on fluorescein and Nile Red 11 and near-IR fluorescence probes derived from Nile Red 12 were also reported. Other Nile Red derivatives are currently used as probes for lipid-and drug-binding proteins, 13 tools for hydrophobic characterization of intracellular lipids, 14 and solvatochromic nucleoside for indicating micropolarity around DNA. 15 During the course of search for a new probe system based on Nile Red derivatives, we found that Nile Red and its 2-hydroxy analogue exhibited quite different mercuration profile. In this paper, we report a selective mercuration of 2-hydroxy Nile Red and its potential for application toward chromogenic and fluorogenic Hg 2+ -selective signaling. The process of the mercuration reaction mode of 2-hydroxy Nile Red could be confirmed by 1 H NMR spectroscopy.
Results and Discussion
The 2-hydroxy derivative of Nile Red 1 was prepared by the reaction of 5-diethylamino-2-nitrosophenol, which was obtained by the reaction of 3-diethylaminophenol with NaNO2, with 1,6-dihydroxynaphthalene following the reported procedure (Scheme 1). 16 First, the UV-vis signaling behavior of 1 toward representative alkali, alkaline earth, and transition metal ions was investigated. Compound 1 revealed a strong absorption at 580 nm in acetate buffered aqueous 50% methanol solution at pH 4.7 ( Figure 1 ). Upon treatment with various metal ions, the absorption spectrum was affected particularly with Hg 2+ ions; the absorption intensity was significantly diminished with a slight blue-shift to 568 nm (Δλ max = -12 nm). The solution color changed from deep blue to light blue. Other surveyed metal ions revealed no significant changes.
Compound 1 exhibited an intense fluorescence emission centered at 649 nm in aqueous 50% methanol at pH 4.7. The Hg . The observed UV-vis and fluorescence signaling behaviors of 1 are due to the mercuration of 2-hydroxy Nile Red (Scheme 2). The dimercuration of parent Nile Red was known to be selectively effected at the 6,8-positions of the benzophenoxazine moiety. 8 However, for 2-hydroxy Nile Red, mercuration was found to be effected at the 1,6-positions. The mercuration process was followed by measurements of the 
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To gain further insight into the signaling behavior of 1, a time course trace of the signaling of Hg 2+ ions of 1 was measured. Changes in absorbance at 580 nm indicated that the signaling was somewhat slow and completed within 2 h after sample preparation, which is definitely undesirable behavior for an ideal system of fast chemodosimetric signaling. This sluggishness is due to the fact that signaling is based on the chemical transformation of the probe with analytes, as reported in other chemodosimeters. 19 In fact, the mercuration of parent Nile Red required somewhat harsh conditions of overnight reaction using acetic acid at 50 o C. 8 Attempts to signal Hg 2+ by Nile Red was also carried out, but the mercuration was much more sluggish and required several days to obtain a constant signal. The presence of the hydroxyl group of 1 was found to considerably enhance the mercuration process.
In summary, we have investigated selective mercuration of 2-hydroxy Nile Red and its chemodosimetric signaling behavior toward Hg 
Experimental
General. Nile Red, N,N-diethyl-3-aminophenol, and 1,6-dihydroxy naphthalene were purchased from TCI Chemical Co. and used without further purification. The 2-hydroxy derivative of Nile Red was prepared following a reported procedure. 16 All solvents were purchased from Aldrich Chemical Co. as 'spectroscopic grade'. 1 H NMR (600 MHz) and 13 C NMR (150 MHz) spectra were obtained on a Varian VNS NMR spectrometer and referenced to the residual solvent signal. UV-vis spectra were recorded with a Jasco V-550 spectrophotometer. Fluorescence spectra were measured on an Aminco-Bowman Series 2 Spectrophotometer.
Preparation of compound 1. 
